The millimeter-wave rotational spectra of the ground and excited vibrational states v 8 = 1 and v 8 = 2 of the symmetric top molecule CD 3 CN have been analyzed again. The 1 ± = l in v 8 =1, ζ − − + = ll .
0
= l and 2 ± = l series in v 8 = 2 states have been assigned respectively. The assignment and analysis of the measurements with a least -squares procedure have made it possible to obtain the rotational, quartic and sextic centrifugal distortion constants with more reliable and higher accuracy. Analysis of the v 8 = 2 state gave the following rotational parameters: Aζ = 62218.96 MHz and x ℓℓ = 87527.70 MHz.
Investigation in v 8 = 2 state indicates that l-resonance is observed for this molecule around 3 CN is a symmetric top molecule and belong to the C 3v point group. The symmetry species for this point group are A 1 , A 2 , and E. This compound has 8 different fundamental frequencies and 4 + 4×2 = 12 modes of vibration 1 . The lowest doubly degenerate vibrational level, v 8 = 1, is approximately a N C C ≡ − − bending mode and lies at 333.2 cm -1 and consequently has a population which is 19% of the ground state (ignoring degeneracy) at the temperature of 313 K. The next highest frequency is v 4 = 1 at 831 cm -1 , thus has population 1.6 % so there is no doubt about the assignment of the series of lines which lie to high frequency of the ground state rotational transitions. The aim of this study is determination of rotational parameters for mixing the low and high J values, which are more accurate and reliable.
Ground state
The frequency of rotational transition k, J → k, J + 1 in the ground and non-degenerate vibrational states may be written as: ν = 2B(J + 1) -4D J (J + 1) 3 -2D Jk (J + 1) k 2 + H J (J + 1) 3 [(J + 1) 3 -J 3 ] + 4H Jk (J + 1) 3 k 2 + 2H kJ (J + 1)k 4 (1) In equation (1) , the D J , D Jk , D k are quartic and H J , H Jk , H kJ are sextic centrifugal distortion terms respectively.
The measurements of ground state were combined to each other 2, 4 . A weighted leastsquares method 5 was used to fit the mixed frequencies for low and high J values. The results of refinement are listed in Table 1 . The parameters derived from the fit are given in Table 4 and compared with v 8 = 1 and v 8 = 2 states.
The spectra in this state is simple, so the different k values (k = 0,1,2,3,4...) for each J transition are assigned easily. The centrifugal distortion produces a band head to high frequency at k = 0, with a spread to lower frequency with higher k. If |k| values are plotted against frequency for this state, the Fortrat diagram is produced which is shown in (Fig. 1 ). In this diagram the splitting increase as k increases and this is due to the D Jk parameter. In other words the term -2D Jk (J + 1)k 2 has the effect of separating the (J + 1) components of each (J + 1) -J transition. 
Freq / MHz
In addition to the above diagonal terms, there are off-diagonal terms which results from the contact transformation used to obtain the effective Hamiltonian. These have been discussed by Grenier-Besson 6 :
For singly excited degenerate vibrational states the effective Hamiltonian when set up as above is of order (4J + 2). In this new basis the Hamiltonian blocks off into factors which for a C 3v molecule are of symmetry species A 1 , A 2 , and E. Note that k and t l are no longer good quantum number for the problem although t k l − or alternatively 1 k t − l , remains a good quantum number. Levels with n 3
, where n is an integer, may be shown to have A 1 or A 2 symmetry whilst all others are of E symmetry [7] [8] [9] [10] [11] . The selection rules are such that for transitions due to the µ z component of the dipole then ∆J=±1 and A 1 ↔A 2 and E↔E. For a doubly-degenerate state v t = 1, the + t q matrix elements given in equation (3) produce a first-order splitting of the A 1 A 2 levels with
. These give rise to the familiar doublets − l . The remaining transitions show second-order splitting due to this term and these are called .
The perturbation expression for these splittings was first given by Grenier-Besson and Amat 6 and the major term is reproduced below:
Therefore the largest resonance − l effects are to be found for transitions with low values of
In our own analysis of the rotational spectra of CD 3 CN in this state we have used a least squares fitting program in which the transitions are calculated from energy levels obtained by setting up the A 1 , A 2 and E blocks of the effective Hamiltonian and diagonalizing. There are then no model errors due to the adoption of perturbation theory.
In this work, most of the frequencies which was measured by Cosleou, J et al 3 and some of the observed frequencies by Weidong C et al 12 have been mixed and refined them together by least square method 5 . By this program, the frequencies belong to the transitions J = 80 could not refined. Due to increasing of data from low and high J values the new results are more accuracy and reliable.
The results of refinement are given in Table 2 . The obtained parameters are listed in Table 4 and compared with other parameters. When the Hamiltonian is set up in a | v, J, l, k > representation [8] [9] [10] , it has three vibrational blocks corresponding to l = 0, +2 and -2. These blocks are separated in energy by the vibrational anharmonicity term X ll l 2 (Fig. 2) . They are coupled by the matrix elements q + t and r t . |v,j,l ,k> In order to explain the form of the spectra we need to consider the energy levels in v 8 = 2 as given by the Hamiltonian matrix. The diagonal elements are: 
In Eq. 6, X ℓℓ is anharmonicity factor and
The off-diagonal elements are the same as v 8 =1 state. If the diagonal energy is plotted against k then three different curves are obtained, belonging to the series l = 0, +2 and -2. It is clear that l = 0 series has lower energy compared with other two series since X ll > 0. The l = +2 and -2 series have the same energy at k = 0, and it can be seen that the positive series is displaced to lower energy and the negative series to higher energy 8 .
An accidental resonance can occur when energy levels in the l = 0 series are coupled via the q t + term with those in the l = 2 series. This resonance will affect the frequencies of the |J, k, l> → |J + 1, k, l> transitions. The maximum resonance occurs when the energies of the unperturbed states are equal: E (| J, k, l = 0 >) = E (| J, k + 2, l = 2 >) (7) After omitting terms, which are the same from both sides of equation (6), this occurs when:
This has been termed vibrational l -resonance to distinguish it from accidental resonances which can occur between energy levels not separated by the vibrational term X ll .
The measurements for second vibrational excited state 3 were combined with a few measurements of Weidong C et al 12 . A weighted least-squares method 5 was used to fit the mixed frequencies for low and high J values. The results of refinement are listed in Table 3 . The parameters derived from the fit are given in Table 4 and compared with others. 
Discussion
In all refinements the weights were taken to be 2 1 σ , where σ is the estimated uncertainty in an observation and is given in the columned headed Error/MHz. In this experiment B 0 , D J , D Jk , H Jk and, H kJ were determined for the ground state, v 8 = 1 and v 8 = 2 states of CD 3 CN with more reliable and high accuracy because they were determined for high J values, Table 4 . In this table they are compared to parameters derived by previous work 12 . H Jk appears to be more important than H kJ in analysis of high J rotational spectrum of this particular molecule, and it seems that the H J parameter is important for this molecule only at very high J values. The H J parameters in the ground and v 8 = 1 states were constrained to zero since their inclusion in the fit did not improve the sum of weighted squares of errors and resulted in a value not significantly different from zero. Aζ and η j (which gives the J and k dependence of Aζ) are necessary to reproduce the frequencies of the recorded transitions. Note that, B 3 parameter was determined in v 8 = 2 value whereas this value was fixed at zero at the v 8 = 1 state. In this experiment Aζ and x ℓℓ could be determined with high accuracy from this combined data which are different from before 3, 12 . D K and η K have no influence on the quality of the fit, but some parameters such as Aζ are sensitive to their values.
For CD 3 CN, the Fortrat diagram for J = 65 Figure 3 , |k -l| = (kl -1) was plotted rather than k against ν which are the positive and negative (kl-1) series. This diagram shows the 'l' doublet and two different series l = ± 1. So, the spectrum is more complex than the ground state spectrum. Fortrt diagram for v 8 = 2 state shows three different series l = 0 and ± 2 (Fig.   4 ). So assignment of spectrum is much more complex compare with ground and v 8 = 1 states. For the v 8 = 2 state, it was possible to determine Aζ and X ℓℓ which is due to very strong accidental resonance between the levels k, ℓ = 4,0 and -2,2. For the same reason, the ℓ-type doubling parameters q (0) and q (1) were accurately determined. Direct transitions between ℓ-type doublet levels with the selection rule ∆J=0 provide the most precise measurements available for determining the ℓ-type doubling constant q. Their frequencies are expressed by Eq (11) 
